Abstract A n example is analysed, in which at every point of a circuit an electrostatic and a nonelectrostatic field coexist, in order to clarify the concepts of EMF and potential difference.
The steady current in a network is usually (Reitz and Milford 1970, Panofsky and Phillips 1971) , explained by assuming the existence of two fields acting on the free charges: one electrostatic E,, and another nonelectrostatic E,, such that the addition of them E, the effective field, is not curlless.
The EMF between two points 1 and 2 in a circuit is defined by
and the potential difference is defined as V,-V2=[Ee-dl.
The student facing this for the first time, becomes embarrassed by these two concepts, because the two fields appear simultaneously only in localised parts of the circuits (batteries, generators, . . .) in which the expressions (1) and (2) are known rather than the field values. Varney and Fisher (1980) recently studied the relationship between both concepts.
Here we clarify the concepts of EMF and potential difference using an example in which both fields E, and E, are present at every point in the circuit.
Let us consider a cylindrical region (see figure 1) in which a uniform magnetic field B exists, perpendicular to the figure plane and which is zero outside that region. Let us assume that its modulus B, is increasing slowly at a constant rate dB/dt.
By symmetry considerations the three components of E, in a cylindrical polar coordinate system R a m e n Se analiza un ejemplo en el cual en cada punto de un circuit0 coexisten un campo electrostitico y uno no electrostkico en orden a clarificar 10s conceptos de fuena electromotriz y diferencia de potencial.
(r, 6, 2) in which the polar axis is the cylinder axis, are only functions of the variable r.
Gauss' theorem applied to a coaxial cylindrical surface of radius r and arbitrary height implies that the radial field component is zero.
The magnetic flux through a rectangular surface with two sides parallel to the cylinder axis and the other two in a radial direction is zero, since the Figore 1 A plane rectangular circuit perpendicular to a magnetic field B which is increasing slowly at a constant rate dB/dt. In this picture the ratio a/b = 2. The vectors E, and E, are drawn on the same scale.
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A Hembndez electric field line integral along that rectangle is also zero then the E, field component must be a constant, independent of r and also of the time because its flux through a surface orthogonal to the magnetic field must be independent of t. Since at the beginning E, was zero it is thus always zero.
Consequently, the electric field E,, induced by the changing magnetic field, is orthogonal to the radius and its modulus, is obtained from the Faraday-Henry law. It is given by E = --r dB 2 d t where r is the distance from the cylinder axis to the point at which E, is measured.
Let us introduce into the magnetic field a closed rectangular circuit, perpendicular to B, of wire of resistivity p. Since dZB/dt2 vanishes, a constant EMF appears in the circuit and thus a current density j.
The field lines of j are parallel and confined in the wire; thus the modulus j will be the same at every point since a steady state exists. If the circuit is made of an ohmic material, Ohm's law in local form requires a charge distribution to appear on the wire, giving rise to an electrostatic field E, such that the net force per unit charge, i.e. E,+ E,, runs at every point in the direction of the wire. The electrostatic field E, is just the Hall field because the Lorentz force acting on the charge carriers (i.e. the electrons) shifts them to the conductor surface, giving rise to a charge distribution on the wire. E. and E, fields are of the same nature, since both start and end in electric charges, their main difference being that the closed line integral of E, is zero but that of En is not (Morton 1980). The electrostatic field will in general be different at every point since it depends on that charge distribution which itself depends on the geometry of the circuit, but its normal projection on the wire E,, will be equal and opposite to that of the nonelectrostatic field Erin.
According to Ohm's law E = E , + E , = p j .
The circulation of E along the wire will be
and
since ip E, dl = 0, because E, is curlless. From equations (3), (5) and (6) 
The potential difference between points 1 and 2 will be
and the EMF E~~= [ E , *~Z = --a b dB 4 dt
In analogy to equations (8) and (9), the projection of the electrostatic field along the wire, in side 2-3, is in the opposite direction to the nonelectrostatic field (see figure 1 ) and its modulus is
Then we obtain V1 -V, = 0, as is to be expected because of the symmetry of the system.
In general, for a plane circuit of any shape of length L and area S, we can obtain expressions for and (Vl-V,) similarly. In particular the potential difference between two points 1 and 2 can be written where LI2 is the wire length between points 1 and 2, and S12 is the area of the sector subtended from the centre by the piece of wire of length LIZ. It must be remarked that when point 2 moves round to coincide with 1, S12 is S and L12 is L, and VI -V, = 0 as expected.
